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Analysis of High Throughput
CoF Gt Biological Data

lotivation
Many researchers at the UCSF CC were moving toward high throughput methodologies in a number
of different areas
* Array based mRNA expression, CGH, proteomics, methylomics
How are most biologists dealing with these megavariate data sets?

» Various algorithms/applications have been appearing
Excel macros, SAM, Spotfire, Bioconductor, custom apps
Range of functionality / usability / intimidation

» Biostatistics gurus
How do we deliver the functionality while exploiting the domain knowledge of the biologists?
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G e Build a Generalized Analytical Framework

center

Soals

Give biologists themselves the ability to perform analyses, such that their
domain knowledge is used. Build an intuitive web based system with
general application.

» Multiple, user specified data types of arbitrary dimension
~ Allow the use of biological annotation information
« Many different quantitative / qualitative annotations can be linked to data
Deploy analytical methods in a modular fashion for ease of extensibility
Give users the ability to perform operations on their data prior to analysis
» Sub selection, projection, etc.



G e Build a Generalized Analytical Framework
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nplementation - Magellan
" Web based
" Client — Server Model with a centralized Oracle 8 database
- Dynamic page content generated with Java/JSP
" Analytical methods generated in C or R thus far
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fCSF cancer Generality of System

senerality and Expandability is Key

Represent data and annotations abstractly to handle as much information
as possible

« Data is derived from samples
« Annotations describe variables of a data type
Do not impose a nomenclature on users but insist on consistency

* Imposing identifier nomenclature is a double edged sword — I'd rather use
carrots (like databases of curated annotations) than sticks

Do not impose particular file formats on data uploads.
Try to minimize the pain of interfacing analytical applications
* Provide functionality in Java Classes with a well documented API

Provide a number of generalized operations on data that can be combined
* Projection, sub selection, import, export, visualizations, etc.
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fCSF cancer Analytical Applications

Jon't restrict the analytical tools that can be interfaced

- Use command line access to non-Java apps, and use flat files
for data transfer.

» Other file formats can be generated by overriding Java methods

* |In the case of R, a common data structure was adopted

- A Java method dynamically generates R code to load the flat file contents
into that structure.

"~ Processes are forked off and the system waits for the
appearance of the result file.

« Computation done server side, but should be scalable.
« Some results can be automatically stored as derived annotations
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fCSF cancer Database Schema

Viake no assumptions as to the type / content of data and
annotations (EAV)

" Information stored as type — value pairs of strings
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Database Schema

Viake no assumptions as to the type / content of data and

annotations (EAV)
Information stored as type — value pairs of strings

1
Derived Annotation;

*Upload ID
*Experiment ID
*Data Type Number
*Ordinal Position
*Type

*Value

Identifier
*Experiment ID
*Ordinal Position
*Data Type Number
eldentifier Type
e[dentifier Value

*Upload ID
eldentifier Type
eldentifier Value
*Annotation Type
*Annotation Value

Sample
*Experiment ID

Sample Number
Sample Name

Data

*Experiment ID
*Data Type Number
*Ordinal Position
Sample Number
*Value

Data Type
*Experiment ID

*Data Type Number
eData Type Name
*Number Entries

Upload
*Upload ID

*Experiment ID

"| *User Name

«Content
*Description
*File Delimiter
*Entry Date

User
sUser Name
*Password

" eLab Name

*Email address

Access

*Experiment 1D
*User Name
*Read Access
*Write Access




Cop e Database Schema

Viake no assumptions as to the type / content of data and
annotations (EAV)

Information stored as type — value pairs of strings

Sample
___________________ I * 60
i Derived Annotation! .10
! 1
1 +150 - +‘OVCAR’
! * 60 .
01 o
! *10 :
* ‘t-stat o
i .3 Z atvsresponse Data Upload User
P i *50 +10 « John Doe
I___________________: 01 050 o Khkkk
— <10 “—" «John Doe " «Jain
"""" _'f_'"""""': o2 +‘CGH data’ » doe@aol.com
 ldentifier ! +15 « ‘ovarian tumors’
. 60 1 . z\tv
i +10 !
| 1 e 1 +11/7/03
1
BACID’ | :
GU354' ' Data Type Access
! _; 50 «50
""""""""" °1 » John Doe
__________________ ¢« ‘CGH’ o1
1 . .
i Curated Annotation 2500 1
1 +100 i
1o ‘BACID’
| +'GU354
1« ‘Pathway’

1 X
e ‘Kinase
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File Edit Wew Favorites Tools  Help |

S=Back - = - ) ) ‘ ‘Qsearch  EfFavorites S Media &4 | - S E =R SN

“ All information represented — #efo—m J o

GODS]E- I jl fhsearch weh  ~ QSearch Site: | PageRankl EOptmns

by compiled Java Classes | | D bt s o
y Analysisinfo PREV PACKAGE NEXT PACKAGE ERAMES NO FRAMES

AnalysisThread
Annotation

acceSSIbIe from JSP pages W Package edu.ucsf.Magellan

DataType
DisplayDataType Class Summary
execProcess

° M eth Od S al IOW d eve I O p e rS to T E““’:t AnalvsisTnfo i{h:gfﬁl;lymsh}fo object provides the functionality for the anabytical portion of
ubseleclon .

Systeminfo The AnalysisThread object allows users to create and run threads for the

specify analytical Sfitider | PO Lo of ot oot

Uploaditern otation The Annotatien object provides properties and methods for the analysis of
UserBean — curated or dertved biclogical anmotation information

parameters, generate data LiiinFunctions e e e e e e

AnnotationComparison | comparizon of annotations or identifiers as part of projecting one data type onto

files, fork processes, etc.

DataProiection The.DataPrOJecnon object allows one data type to be projected onto another,
atarojection subject to user defined parameters

DataType DataTvpe objects represent the data types that are analyzed in MMagellan.

DisplayDataType is a subclass of the DataType class that contains properties

DisplayDataType and methods specifically for the display of data in the web browser

The execProcess class allows the execution of one or more command line

execProcess
E—— statements as separate processes
The Sample class captures the finctionality of samples (bislogical or otherwize)
Sampl. .
e from which data is gathered.
SubSelection SubSelection objects provide the functionality to select variables frot a data

type based on user defined criteria.

SystemInfo objects store information about the current system implementation
SystemInfo of Magellan, such as database commection information, paths to necessary
applications, etc.
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G Saneer Use of Annotation Information
F center

nnotations describe variables of a data type

Chromosomal position of genes, pathway designation, correlation with
outcome, etc.

Annotations can be used by certain algorithms / data operations

Data and annotations are linked in two ways, depending on the type of
annotations

« Curated annotations — Applicable to many Data Sets. Linked through textual
‘identifiers’ such as genbank ID’s

» Derived annotations — Specific to one data set. Linked by row number
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annotations

« Curated annotations — Applicable to many Data Sets. Linked through textual
‘identifiers’ such as genbank ID’s
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Curated Annotations Identifiers Data Derived Statistics
1. Experiment ID

A

1. Experiment ID

1. Identifier Type 1. Experiment ID

2. |dentifier Value 2. Data Type < 2. Data Type 2. Data Type

3. Annotation Type 3. Ordinal Position ¢ 3. Ordinal Position 3. Ordinal Position
4. Annotation Value 4. |dentifier Type 4. Sample 4. Annotation Type

5. Identifier Value 5. Value 5. Annotation Value

JV JV JV




G Saneer Use of Annotation Information
F center

nnotations describe variables of a data type

Chromosomal position of genes, pathway designation, correlation with
outcome, etc.

Annotations can be used by certain algorithms / data operations
Data and annotations are linked in two ways, depending on the type of

annotations

« Curated annotations — Applicable to many Data Sets. Linked through textual
‘identifiers’ such as genbank ID’s

» Derived annotations — Specific to one data set. Linked by row number

Curated Annotations Identifiers Data Derived Statistics

1. GenbankID 1.50 ¢ 1.50 — 1.50

2. AB123 2. mRNA expr. < 2. mRNA expr. — 2. mRNA expr.

3. Pathway 3.125 < 3.125 —» 3.125

4. Kinase 4. GenbankID 4. 17 4. T-stat vs survival

5. AB123 5.2.63 5.5.3
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G Sancer Annotation Based Sub Selection of Data

Data Sub Selection

Data sets can be sub selected based on quantitative or qualitative
annotations

» Allows the creation of biologically meaningful subsets
« Set size reduction can reduce the effects of multiple comparisons.

Districution of correlations over all feneg
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F center Uploading Information

No imposed file formats - The User defines the type and
location of the uploaded information

ile Contents - Microsoft Internet Explorer E]@E‘ A File Description - Microsoft Internet Explorer E]@ \
Edt  view Favorites Tools Help ;',' Eile Edt View Favorites Tools Help
N A fi " 4 \ A

Yok - ) - |x] §) | ) search 5 ¢ Favotes (g Meda ) Y= Qaa(k - @ 1%l (B @o | JO ek Favorkes (gl Meds ) - & [F

] http:flocalhost 8080 MicroarrayénalysisDev/Dat abasePages/upload/displayFileContents. jsp v|Beo ks Address | ] hitp localhost:8080jMicroarrayAnalysisDevDatabasePages/uploadfenter Fielnfo. jsp7Farmat=rangnum=2 v|Beo ik
ogle - v @hsearchweb - g3 PRk Dhsng blocked [ [ options Google - v| @psearchweb - B Peoefenk Dhang blocked 1 [ options

~
File Contents File Description

Row 2

The hyperlinks at the top and left sides are used to define the contents of the uploaded file.
Use the links to indicate the location of the sample names, data types, and identifiers (in that order) Select the type of information that this row confains:
. ) . Refer back to the numbered hyperlinks i the table to determine row and column numbers

Insplaying the first 25 lines of the uploaded file:

1 2 3 1 5 A 7 g o 10 1 12 13 iy 15 16 17 12 1 20 O Thi .

= = = = = = = = = = e . = = = i = = e = © This row contains Sample Names:
1 Clone 1526 7 eTL ese 75 st (10 134 (1837 [0 maa (567 (1023 (1169 (462 1813 193¢ 3% el
2 total Jumn ML ;I-MBEIG .umm Esmm) 0052131 0374275 “] 10007 0106748 ‘Dmm ﬁms;a 6155151 65)&951 .umw 0083200 0.220726 0 25076 0326797 0 207300 10 250639 0312 Sample e begm in column ar.:d end in colums

< = = % Sample names are continuous n this row
3 islptel 215C 0661695 [o-p16213 e | Sample names are discontinuous - skip columnis) between sample names
4 RPLLG24I6 1 13gs7 016411 0293276 0.350043 0.285223 | (o0 0257144 0.158613 0,090 )
' This File contains data fromn a single sample, named:
5 RPL6mIE -118816 0010061 0015212 0.217975 |0.134676 020472 0 026358 002331 [ o
s RPLLGOIL 000488 |1 o 1o 5 535017 0 520195 009208 0.00M31 0.070938 1 yoro o OIMI 1 oo b b (OOSTE00 0370395 0.107102 [ (o on b o 10093477 0,02 This 10w determines the boundary of a data type
1 RP1L-111005 0.11517 0125002 034960 |0 134025 Eum:ss 0264413 0.1 Data begms m row 2 and ends in row 2365
" C - " n N - Enter the name of the data type (each name can be used only once)
2 RPLLSI0Y 0041865 5 s y0nss 10 4ssaon 09701 g oraagn (0090078 [ 1oy ool 0169236 |y ooy 046962 [ 1o oo 0103699 0288957 0107088 |y (o0 L0.20666 0.064279 0.002 & CGH
¢ RP11-199001 0.148007 0.013832 ) o c00s | 295z (0131814 | honpog (010004 | o cons i0.054577 (107494 [ ng5a0s (0.088202 0.141597 0.387985 0 071967 o 0 0 10072612 0.221385 0.099 O Expression
C " [ " i i X [ O Other
10 RPLLE1ZNS 0092381 0.061126 0.107351 |0. 180199 0122712 0.087661 0.075909 0332126 [0.263614 0.200057 0.135
- 0.055751 0363191 0344595 0.298652 0.136286 0.066218 0.037595 0.05508¢ : 5
© The data for each sample of this data type is i the same column as the sample name
1L RRLLIGT  000STH [ oo oo iog o gzigg D056 0019323 DOTLI [ oo 0.00005 0050096 0079217 [ 1iooe o oo 0243461 0150542 [ oo oo 0146412 0.059 © Samples of this data type begin in cob and end in col
12 EPLLLMIS oo sy ba1iaos 0 41iaes 06196 001491 DODBORL [ oo 0048545 005654 O0THSE | oo 0o 0251687 DLI6T4E0 [ o oo 0170197 0173899 0,036 © Samples of this data type are continuous in this row
» O Samples of this data type are discontinuous - skip column(s) between columns of data

Jone %J Local intranet &] Done % Local intranet




CoF Gt Uploading Information

Information Is previewed prior to upload

pload - Microsoft Internet Explorer

File Edit ‘ew Favorites Tools Help !f
= - — i
QBack - \ﬂ \EL] _'\J 7 ! Search = Favorites @Media @? A - 1
fddress @jhttp:,l’,l’localhost:SDSDIMicroarrayAnalysisDev,l'DatabasePages,l’upIoad,l’loadDB.jsp?action:preview hd ﬂ Go Lirks **
GODS]-Ev v| @psearchwen + gd PaseRank Bhagg placked 1 [ options

A

Upload Preview

You have specified the following information for the cmrent upload:
Sample names are indicated in red

Identifiers are headed m green

Annotations are headed in blue

Data Type: CGH
Number of data points per sample: 2364
Displaying the first 10 lines of data type CGH

Bacld 1526|447 271 1850|475 1451 1500|1834 1237 2508 2422 547 1023|1169 1482|1813 1924 2338 2421

" 0.052131 [0.374275 | 0.105743 |

0.441306 |0.362742 0356262 0.150007 0.216574 |0.220828 |0.256157 |0.538061 |0.284840 0.083302]10.220726) |0.23076 | 0.326797)10.207309 |0.250639 | 10.312238

ftotal bz, B,

;‘pl):eils_-ﬁlsc e 0016213 0.176604 011750
EP11-32d16 132657 016411 0.203276 0350843 0.26322% | oo (0237744 |0.198813 |0.080337
RP11-62mi3 -1.18816 (0010061 0019212 (0217972 [0.134676 .0 20472 0026256 0020231 | oo
RPFIL-60§11  [0.004436 -U.US4S‘I1 -0.53591? -0.520128 0052918 |0.003431 |0.075858 '0_420953 0.174284 -0.014?25 -U.US‘.TIIG -0.092182 0057628 |0.271395 |0.107102 -0.15043? '0_150554 0.093477 |0.027621
RP11-111005 0.11517 0.123992 (034969 0134025 | oo 0.264413 [0.124811
FP11-51h04 0.041565 6.343031 6.495593 0.24701 -0.010862 0.040075 6.4249?5 0.169226 6.0?3369 0.046962 '0_151625 0.103699 |0.285857 |0.107055 '0_139612 020668 |0.064279 0.002265
RP1L-190001 (0148007 0013832 | ooeno oo oo oo o (012081 |0 oo 010004 | s o ngaggy D0T4044 [ s DDBB202 0.141507 (0387985 0071967 | L (0073612 |0.221385 0000388
RPLBI3IS || conay 0093381 L |0 cae (0061126 |0.107851 |0.180199 | |0.122712 [0.087681 |0.075000 | oo | neane (0332126 0245814 || oo danne 0209057 013507 |
£ >

&] Done %J Local intranet
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Other Analytical Functions
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Other Analytical Functions

-jainlab-s¥1:8080,/MicroarrayAnalysisExp/results /070124D1D32 34 2EES6CE1 BFEI28: ;IQILI EA Microsoft Excel - 070124D1D32342EE86CE18FE3289A406c0rr.ExE
Wiews Favorites Tools  Help ﬁ J Arial
-"@ﬁ|@Search [E]Favorites  Media @“%vgg@@@@ JD@H|§@§?|%@@|ﬂvﬂv%Zﬁs%lil ﬂ,@lﬂﬂ% v@v
| http: ffcc-jainlab-sv1: 5080/ MicroarrayanalysisExpfresultsf0701 240 1 D32342EEG6CE 1 GFES2E94406carT Ext? j @Go Links ** J File Edit View Insert Format Took Data Window Help Acrobat ;E
I j| B cearch web ~ QSearch Site: | F"’99Hank| |” H25 ﬂ =|
= A [ B C D [ E F G w1
: 2598 1837 1534 1590 1451 475 1559 571 447 1526 j Group 1: 2596 1837 1334 15590 1451 475 1859 871 447 1526
T2108 2421 2358 1924 1813 1462 1165 1023 S67 2422 Group 2: 2108 2421 2358 1924 1813 1462 1169 1023 567 2422
ion row Expression identifier class row class identifier t-test  abs(t-t Expression row Expression identifier class row  class identifier t-test abs(t-test)  higherin group  pvalue
HG1612-HT161Z at 1 3.3400 3.3400 2 0.9350 204 HG1B12-HT1612 at 1 334 ) 2 0.899
ﬁ;:?;g—:‘: i ggizg ggizg ; ggggg 1895 M2E679_at 1 37975 37975 1 0888
g o 3.3578 3.3578 1 0.9980 2324 MB5108_at 1 3.3518 3.3518 2 0.999
T10550 at 1 3.3565 3.3565 1 0.9980 2677 07302 _at 1 33578 33578 1 0.923
T14747 at 1 3.3885 3.3885 1 0.9980 2735/ U10850_at 1 3.3565 3.3565 1 0.998
19718 at 1 4.0693 4.0693 2 0.6950 2795 14747 _at 1 3.3885 3.3885 1 0.998
U21049 at 1 3.7679 3.7679 1 0.8970 28584 1LN9718_at 1 4.0693 4.0593 2 0.695
U40369:rnal_at 1 5.4986 5.4986 1 0.0370 2910 U21049_at 1 3.7679 3.7679 1 0.897
USEe37_at 1 3.3302  3.3302 1 0.95930 3163 | U40369_rnal_at 1 5.4586 5.4586 1 0.037
U94333_at 1 3.8133 3.8133 2 0.5840 3413 UEEE37 _at 1 3.3302 3.3302 1 0.923
e, (e = skt slceka o B0 3978 |1U94333_at 1 3.8133 3.8133 2 0.554
géi;}:ﬁ%zg’s s aé 1 2o 3'3233 ; 6540 2.9960 0.9550 Ll ! 39574 39574 ! 0.791
- = : : : 5683 1LN9713_5_at 1 3.4025 3.4025 1 0.995
HM16707 rnal = at 1 3.3763 3.3763 1 0.9350
750115 s at 1 3.5878 3.5878 1 0.9700 5899 HGBEZ7-HTa097 _s_a 1 3.654 3.654 2 0.985
rrelations with p-values less than 1.0 are printed B195 MI1B707_rnal_s_at 1 3.3763 3.3763 1 0.598
G524 7a0115_5_at 1 3.5878 3.5878 1 0.97

1 ahsolute correlation observed in 1000 permutations:
3241
3521
. 3886
4075
4353
4512
4610
-4801
4913
4954

. 5020 -

| >
’_ ’_ ’_ E Local inkranet i

[T R R VR T R U R S )

LN R R o o o e et K] el Bl Kl Ermnrell Bl Kl e .

33 .
144 [» [»I]070124D1D32342EEB6CELSFE32B9A40

1

=R R R Ry R 6 R R 0 ]

3.3241
3.3521
3.3886
3.4075
3.43583
3.4512

3.461
3.4501
34913
3.4584

Ready

Only correlations with p-values less than 1.0 are printed

Maxirnurn absolute correlation observed in 1000 perrmutations:

T — 107 ] o




Application of Magellan to Breast
CoF Gt Cancer Cell Line Data

14 Breast cancer cell lines were analyzed for mRNA
expressmn (Affy) and array based CGH

“ Question: what is the effect of genomic copy number on gene
expression?

- Look at sample to sample correlation of CGH/expression data,
but bin by genomic position.

» Look for genes whose expression correlates with copy number in
frequently altered regions



Application of Magellan to Breast

|% cancer I I .
F center Cancer Cell Line Data
- CGH vs Expression cumulative distributions
-0.24 0.24
= - IR — —
B o~ L~
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« |
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Genome Wide Correlation Plot

There is a positive correlation between copy number and expression.
Those genes that correlate strongly can be investigated further



Application of Magellan to Ovarian
GSF center Tumor Data

orojection of subsets between data types

" Looked at CGH and mRNA expression in 20 Ovarian tumor
samples (10 long, 10 short survivors)

"~ Used curated annotations to find ‘equivalent’ variables from
one data type to another

« Annotations can be used as a means of establishing variable
equivalence

» Equivalence is user defined (string equality, numerical comparisons,
etc).

data — ldentifiers — Annotations «——— Annotations «— |dentifiers «— Datz



Application of Magellan to Ovarian
GSF center Tumor Data

rojection of subsets between data types

If we select for genes whose mRNA expression correlates with an
outcome, do copy number changes of loci that map close to those genes
also correlate?

« Select Genes that correlate with patient survival

» Project those genes onto CGH space — select those loci that map within 1Mb of
the genes

» Look at the correlation values of the sub selected loci vs. randomly chosen loci

This sequence of tasks can be broken down into a series of simple
operations in Magellan

» Correlate expression with survival — store as a quantitative annotation
» Sub select expression data

* Project onto CGH data

» Correlate the sub selected CGH loci with survival

» Plot the results



Application of Magellan to Ovarian
GSF center Tumor Data

Subselected CGH Loci vs Survival
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" CGH loci located in close genomic proximity to genes that correlate with
survival correlate better with survival than loci chosen at random (p<0.05).



G BNe Summary

lagellan allows researchers to perform visualizations and
analyses of their data in a web based environment

" Abstract representation of data and annotations insures a
broad applicability

" Subsetting functionality allows users to sub select data based
on qualitative and quantitative annotations

» Useful for the creation of biologically meaningful sub sets as well as a
means of reducing the effects of multiple comparisons

"~ Analytical methods can be deployed in a modular fashion

" Generalized methods can be combined to facilitate complex
analyses

» Sub selection, projection, visualization, import, export, etc.
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Cop & The Next Step

eliverables for caBIG:

" Interoperability of Magellan with caArray and caBIO
« UML modeling of objects
» Accessing information (especially curated annotations) from caArray
» Decisions on use of / interface with existing caBIO objects.

ducation of End Users

"~ Statistics shouldn’t be a total ‘black box’ to experimentalists
who are using tools like these
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